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Abstract approved: 
Douglas F. Markle 
Upper Klamath Lake in southern Oregon has two species of lacustrine suckers, 
Lost River sucker Deltistes luxatus and shortnose sucker Chasmistes brevirostris that 
were historically abundant. Results of surveys performed in the mid-1980's indicated that 
populations of both species were declining and ageing with apparent recruitment failure 
in most years since 1970. In 1988 both species were listed as endangered species and 
high priority has been placed on investigating recruitment of Upper Klamath Lake 
suckers. 
Lapilli are the preferred otolith for ageing suckers. Lapilli form predictably on the 
day of hatch, have the most conservative morphology of the three otoliths, and deposit 
easily discernable increments that begin on the day of hatch and proceed daily, and grow 
in a predictable relationship with somatic growth. Ages estimated by otolith analysis and 
resulting hatch dates of young-of-the-year Lost River sucker and shortnose sucker were 
consistent annually and consistent with reported spawning period for suckers from Upper 
Klamath Lake. 
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which scales are formed, thereby invalidating an assumption of age and growth models.
 
Consequently, scale circuli analysis cannot be used to produce accurate estimates of age 
or growth for young-of-the-year Lost River sucker and shortnose sucker. 
Lost River sucker and shortnose sucker achieve a relatively large size by the 
autumn of their first year, consistent with other members of Catostomidae. Interspecific 
difference in growth rates was evident in each year with Lost River sucker exhibiting 
faster growth than shortnose sucker in each year. 
Abundance of young-of-the-year suckers does not appear to be strongly correlated 
to somatic growth rate, though hatch date and environmental parameters are highly 
correlated with abundance. In both Lost River sucker and shortnose sucker, in years with 
the highest abundance (1991 and 1993), the mean hatch dates of surviving fish were later 
than in years with the lowest abundance. Also, young-of-the-year Lost River sucker and 
shortnose sucker experienced wide environmental fluctuations in Upper Klamath Lake as 
seasonal limnological and climatic variation create a dynamic habitat for young suckers. 
Water temperature, precipitation, air temperature, and minimum lake elevation are all 
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CHAPTER 1 
Statement of the problem 
Upper Klamath Lake in southern Oregon has two species of lacustrine suckers, 
Lost River sucker Deltistes luxatus (LRS) and shortnose sucker Chasmistes brevirostris 
(SNS). Both species are endemic to the Upper Klamath Basin and were historically 
abundant (Cope 1879, Gilbert 1898) and supported a commercial fishery in the late 19th 
century (Howe 1968) and a sport fishery until 1987. Also, these suckers were important 
in the culture of Native American tribes of Upper Klamath Lake Basin as the fish 
constituted a large portion of their diet and the beginning of the sucker spawning 
migration was a harbinger of spring (Gatschet 1890, Spier 1930, Rostlund 1952). 
Surveys in the mid-1980's indicated that LRS and SNS populations were declining 
and ageing with apparent recruitment failure in most years since 1970 (Buettner and 
Scoppettone 1990). In 1987 the Oregon Fish and Wildlife Commission closed the sucker 
fishery in the basin and in 1988 both species were listed as endangered species by the 
United States Fish and Wildlife Service (1988).  Possible reasons for their decline 
included: damming of tributary streams, wetland reclamation, irrigation diversion, 
agricultural runoff, road building, urbanization, over harvest, and introduction of exotic 
fish species. The significance of these or other perturbations to recruitment failure in the 
suckers is unknown; however, recruitment failure in fishes can be caused by small 
changes in larval growth rates and stage durations (Houde 1987). Because environmental 2 
variables and biological processes affect growth rate (Sissenwine 1984, Campana  1984a), 
many of the suspected causes for population decline might be related to larval survival 
rates and may directly influence year-class success. Even though year class appears to be 
set in the first year of life for both species (Markle and Simon 1993, Simon et al. 1995, 
Simon et al. 1996), early life history of the suckers is poorly understood; thus, high 
priority has been placed on investigating recruitment of Upper Klamath Lake suckers 
(United States Fish and Wildlife Service 1993). 
Accurate estimates of age and growth rates of young-of-the-year LRS and SNS are 
lacking, thus, the purpose of this project is to evaluate lethal and nonlethal methods of 
ageing and to gather accurate growth information of young-of-the-year suckers. In this 
thesis, using hatchery-raised and wild-caught LRS and SNS, I will describe the timing of 
formation of lapilli, sagittae, and asterisci, describe otolith morphology, validate the 
timing of first increment formation, and validate the increment deposition rate of lapilli 
and sagittae, and describe the relationship between otolith size and somatic size. In 
addition, I will describe the pattern of scale formation and the deposition rate of scale 
circuli for both species. I will create a model for ageing young-of-the-year specimens of 
both species, and will describe and discuss growth patterns of young-of-the-year suckers 
collected from Upper Klamath Lake surviving to October of their first year. 
Large fluctuations in water quality occur in Upper Klamath Lake and may 
negatively affect suckers (Bond et al. 1968, Buettner and Scoppettone 1990, Monda and 
Saiki 1993, Kann 1995, Martin 1997). The success of Upper Klamath Lake sucker 
populations may partly depend on environmental conditions during early larval and 
juvenile stages. The effects of water quality may produce a detectable change in otolith 3 
growth patterns and otolith increment analysis may allow for inferences on the sub-lethal 
influence of environmental parameters (Campana 1984a, Campana 1984b, Morales-Nin 
1987, Savoy and Crecco 1987, Mosegaard et al. 1988, De Vries et al. 1990, Casselman 
and Gunn 1992, Fitzhugh et al. 1997).  Therefore, I will perform a preliminary 
examination of the association of various limnological and climatological parameters 
with the annual abundance and growth rates of young-of-the-year LRS and SNS. 4 
CHAPTER 2 
Otolith Development and Increment Validation in
 
Young-of-the-Year Lost River and Shortnose Suckers.
 
Introduction 
Lost River sucker Deltistes luxatus (LRS) and shortnose sucker Chasmistes 
brevirostris (SNS) are lacustrine suckers endemic to the Upper Klamath Lake basin of 
southern Oregon and northern California. Both species were listed as endangered in 1988 
because of ageing adult populations and limited recruitment since the 1970s (United 
States Fish and Wildlife Service 1988).  Important issues in the conservation of 
endangered fish, such as recruitment and factors affecting early life mortality, can be 
aided by accurate age estimates. Currently, the United States Fish and Wildlife Service 
has protected seven species of catostomids under The Endangered Species Act and yet I 
found no published information regarding validated studies of age and growth of young­
of-the-year of those protected catostomids. 
Otolith microstructure analysis has been an invaluable tool for recovering age and 
growth data on individual fish. The technology has widely been applied to the largest 
otolith (sagitta) of commercially important fish to obtain age class structure, growth rates, 
and longevity (Campana and Neilson 1985, Beckman et al. 1988, Pawson 1990, Jones 
1992, MacLellan and Fargo 1995, Secor et al. 1995).  Discovery of daily otolith 
structures (Pannella 1971) has allowed assignment of hatch dates and ages to larval and 
juvenile fish (Beckman and Dean 1984, McGurk 1984, Jones 1986, Eckmann and Rey 
1987, Jenkins and Davis 1990, Brown and Bailey 1992, Hare and Cowen 1994, 5 
Ahrenholz et al. 1995). The ability to estimate daily ages allows biologists to investigate 
early life history and factors responsible for early mortality and recruitment success of 
fish (Essig and Cole 1986, Fritz et al. 1990, Jones 1992). Ostariophysan otoliths are 
known to differ from most fish otoliths, and little research has focused on catostomid 
otolith microstructure or age validation (Thompson and Beckman 1995, Beckman and 
Schulz 1996). 
To use otolith increment analyses to estimate age and growth of fish, biologists 
must validate the following assumptions: (1) otoliths are acquired at a predictable age, 
(2) otolith increment deposition rate is predictable, and (3) otolith growth is proportional 
to somatic growth (Brothers et al. 1976, Brothers 1981, Beamish and McFarlane 1983, 
Brothers 1983, Campana and Neilson 1985, Jones 1986, Casselman 1990, Campana and 
Jones 1992, Geffen 1992, Neilson 1992).  These validation steps, especially in a group 
whose otoliths have not been well studied, are very important (Geffen 1992). These 
assumptions will be validated herein. 
Ideally validation studies should include documentation of the timing of otolith 
formation, timing of first increment formation, and rate of increment deposition 
(Campana and Neilson 1985, Geffen 1992, Jones 1992, Neilson 1992). Most fish have 
three pairs of otoliths, but the three otolith pairs do not necessarily develop at the same 
time, grow at the same rate, or have the same morphology (Weisel 1967, Brothers 1983, 
Jones 1992, David et al. 1994, Beckman and Schultz 1996). An otolith may be more or 
less appropriate for ageing depending on size, shape, ease of preparation, readability, and 
time of formation; therefore, all three otoliths should be tested for appropriateness. In 6 
addition, validation allows differentiation of daily and non-daily increments and 
correlation of microstructure with life history events (Geffen 1992). 
A comprehensive approach to validation utilizes hatchery and wild fish with and 
without experimental manipulation. Hatchery-raised fish can be used to create complete 
developmental series which might otherwise be unavailable from wild fish. Experiments 
may be easier to conduct in laboratories, but can be misleading because minor changes in 
light (Taubert and Coble 1977, Radtke and Dean 1982), feeding (Pannella 1980, Neilson 
and Geen 1982, Neilson and Geen 1985), and temperature (Taubert and Coble 1977, 
Brothers 1981, Marshall and Parker 1982), may affect increment deposition. Poor 
increment deposition in hatchery-raised fish (Ahrenholz et al. 1995) may be due to 
difficulty reproducing subtle environmental signals and thus, validation experiments in a 
natural environment are often more successful.  Also validating throughout the age range 
of study is important to ensure continued predictable deposition rate. 
Herein I document timing of formation, morphology, and growth of lapilli, 
sagittae, and asterisci of Lost River and shortnose suckers. I also validate timing of first 
increment formation and rate of increment deposition for lapilli and sagittae for both 
species. 
Materials and Methods 
Lost River sucker (LRS) and shortnose sucker (SNS) larvae were obtained from 
The Klamath Tribes' Braymill Hatchery with each series coming from a single set of wild 
parents. A time series of 136 LRS hatched on 8 May 1991, and 102 SNS hatched on 23 
May 1991 were collected irregularly from three days pre-hatching through 53 days post­7 
hatch and preserved and stored in 95% ethanol.  Hatch date for both species was based on 
the mid hatch date for the cohort (i.e. at 50% hatch visually). 
Wild larvae were collected using a 0.5-mm bar mesh dip net in the Williamson 
River and Upper Klamath Lake at two week intervals from 2 May to 16 June 1994. All 
collections were preserved in 95% ethanol and all measurements were of notochord 
length (NL) from ethanol-preserved specimens. 
On 25 May 1995, a 0.5-mm bar mesh dip net was used to collect sucker larvae 
from the Williamson River approximately 1 km from its confluence with Upper Klamath 
Lake. Approximately 200 larvae were placed in a bucket with 10 cm x 20 cm 1-mm 
mesh panels approximately 3 cm from the bottom of the bucket. This bucket was placed 
inside a larger (19 L) bucket containing 14 L of river water and 50 mg/L alizarin 
complexone (ALC) solution. After four hours, larvae were gently removed from the stain 
by slowly raising the inner bucket which drained the ALC solution from the larvae. This 
reduced repeated recapture of the larvae and eliminated mortality due to handling stress. 
ALC larvae were transferred to a cylindrical (85 cm high x 80 cm wide) mesocosm at the 
collection site. Walls of the mesocosm were alternating 85 cm high x 40 cm wide panels 
of 505-micron mesh and vinyl. The mesocosm bottom was open to allow larvae access to 
substrate but edges were staked and sediments piled around the edges to prevent 
emigration or immigration of larvae. The entire mesocosm was secured to a frame of 75­
mm polyvinyl chloride pipe staked approximately 1 m into the sediment. Water depth in 
the mesocosm ranged between 40 and 60 cm and fluctuated with river water levels. The 
top was uncovered allowing natural illumination. 8 
Forty seven larvae were preserved in 95% ethanol before ALC treatment. Three 
larvae were collected and preserved 14.5 h after ALC treatment, and five larvae were 
collected and preserved after 5, 8, 18, 22 and 28 days. At the time of subsampling, 
temperature, pH and dissolved oxygen inside and outside the mesocosm were monitored 
to insure comparable environments.  Similar conditions were found at each sampling. 
Right lapilli were removed and examined for ALC marks under transmitted 
tungsten light and under ultraviolet light as described for the larval otoliths. Increments 
after the ALC mark were counted before and after polishing to establish the effect of 
otolith preparation on increment clarity and detection.  Increment number after the ALC 
mark, and total number of increments observed were recorded. Species identification was 
done by counting the post Weberian apparatus vertebrae (unpublished data - Oregon State 
University). 
All hatchery and wild-caught larvae were cleared in 2.5% potassium hydroxide 
solution from 2 to 5 minutes and viewed at 50X under cross-polarized light using a 
dissecting microscope. Wild-caught specimens with 48 or fewer myomeres were 
identified as SNS and those with 49 or more were identified as LRS (unpublished data ­
Oregon State University). Presence or absence of each set ofotoliths was noted and a 
simple proportion of specimens possessing otoliths to total specimens was used to 
estimate the percentage of each age-group (in days) having each of the three pairs of 
otoliths. Known age of hatchery-raised larvae or estimated age of wild fish was used to 
document timing of otolith formation. 9 
Right-side otoliths were viewed from a wide range of ages and for each otolith I 
recorded shape of the core, overall shape of the otolith, increment and growth patterns, 
and readability of increments. Otolith nomenclature of Secor et al. (1992) was followed. 
All right-side otoliths were removed using a fine probe and cleaned in a 10% 
bleach solution, rinsed with distilled water, rinsed in 95% ethanol, and left to dry for 1-3 
days. After drying, otoliths were mounted to a 25-mm x 75-mm glass slide with Crystal 
Bond®' mounting media. Smaller otoliths were read without preparation. Larger otoliths 
were ground to a plane in which increments were most readable using 1500 grit 
Carbimet ®2 paper discs and 5.0-micron Alpha Micropolish®2 alumina solution. Polished 
otoliths were cleaned with distilled water and air dried. 
Otoliths were viewed with transmitted white light microscopy at 1000X using 
Optimas ®3 5.0 imaging software. In addition, ALC otoliths were viewed at 250X with an 
IV Fl epi-fluorescence condenser, 12 V 100 W halogen-tungsten light source, a KP450 
excitation filter, a RT 510 chromatic splitter and a LP520 orange barrier filter (Banner et 
al. 1982). Each light/dark band was counted, from the core to the edge, as a single 
increment. The number of pre- and post-treatment increments for ALC were noted. The 
increment containing the ALC mark was considered the first post-treatment mark. Two 
independent, blind counts were averaged for each otolith and all paired counts differed by 
less than 5%. 
1  Aremco Products, Incorporated, Post Office Box 429, 23  Snowden Avenue, 
Ossining, New York, 10562. 
2  Buehler Ltd., 41 Waukegan Road, Lake Bluff, Illinois, 60044. 
3  BIOSCAN, 170 West Dayton, Suite 204, Edmonds, Washington 98020. 10 
To describe the relationship between somatic size and otolith size in young-of­
the-year suckers, I used regression analysis to compare lapillus weight to standard length 
of young-of-the-year LRS and SNS collected from June through October of 1991, 1993, 
1994, and 1995. Lapilli from these fish were handled and prepared as previous described 
except that between drying and mounting, weights were measured on a Calm Model 29 
Automatic Electrobalance ®4 to the nearest .0001 mg. 
All statistical analyses were performed using Statgraphics Plus for Windows 
2.1V. 
Results 
At hatch, hatchery-raised LRS were 9.6-10.4 mm NL (N = 10) and had developed 
lapilli and sagittae while embryos had no visible otoliths. Asterisci were first observed 
41 days post-hatch and all had asterisci at 52 days. 
At hatch, hatchery-raised SNS were 7.0-9.6 mm NL (N = 5) and had developed 
lapilli and sagittae while embryos had no visible otoliths.  Asterisci were first observed in 
SNS 14 days post-hatch, and all had asterisci by 25 days. 
The smallest wild LRS caught was 12.1 mm NL and the youngest had 11 lapillus 
increments. All wild LRS possessed lapilli and sagittae.  Asterisci were first observed in 
LRS with 15 lapillus increments and all had asterisci at 34 lapillus increments. The 
smallest wild SNS caught was 11.0 mm NL and the youngest had 13 lapillus increments. 
Calm Instrument, Inc., 16207 S. Carmenita Road, Cerritos, California 90701. 
Statistical Graphics Corporation, 512 Executive Drive, Princeton, New Jersey 
08540. 11 
All wild SNS possessed lapilli and sagittae.  Asterisci were first observed in SNS with 13 
lapillus increments and all had asterisci at 35 lapillus increments. 
By using myomere counts for species identification, all wild larvae marked with 
ALC were identified as SNS, though some nonmarked fish were identified as LRS. 
Lapilli and sagittae were present in all ALC marked larvae. The lapilli and sagittae 
appeared bright red-orange when viewed with ultraviolet light and showed a dark purple 
mark with white transmitted light. Otoliths incorporated the alizarin quickly; otoliths 
from larvae showed a visible mark 10.5-14.5 hours after staining. ALC larvae had an 
average of 12 (range 10 to 15) pre-treatment lapillus increments, and all ALC larvae with 
more than 15 lapillus increments at sacrifice had asterisci. No asterisci were present in 
larvae at time of capture; this was confirmed by the absence of stained asterisci from any 
ALC marked fish. 
Otoliths from larval LRS (Figure 2.1) and SNS have similar shapes at similar 
ages. Early lapilli were dorso-ventrally flattened discs with a central core of two or three 
fused kernels and concentric increments (Figure 2.1A; Figure 2.2). After increments 25 
to 30, there was differential growth contributing to a slightly palmate shape (Figure 
2.1D). Growth of the posterior edge was thin and tapered, usually with a small postero­
medial "thumb" and a postero-lateral "mit." Growth of the anterior edge was thicker, the 
otolith wedge-shaped dorso-ventrally, and consequently, increments on the posterior edge 
were relatively wider. 
Early sagittae were generally round flattened discs with two to five fused kernels 
in the core and concentric increments, as in the lapillus (Figure 2.1B). After increments 
20 to 30, the shape and growth pattern changed dramatically. Two projections formed: a 12 
rostrum in the anterior field and a postrostrum in the posterior field. The rostrum was a 
short, broad, flat projection, and the postrostrum a long, thin, spindle-like projection 
(Figure 2.1E). The postrostrum became very elongate with age and was easily broken 
during dissection and removal. Good contrast was observed between increments in 
sagittae before the shape change and less contrast after the change. Although sagittae 
continue to deposit increments, the delicate nature of the rostral projections made sagittae 
difficult to prepare and the change in increment contrast made increment counts difficult. 
Asterisci had an amorphus core devoid of a definite primordium and a generally 
elliptical, flat shape (Figure 2.1C). In older fish, asterisci had a prominent sulcus on the 
proximal surface and a nearly cup-like shape making otolith preparation difficult (Figure 
2.1F). Increment contrast in asterisci was poorer than in lapilli or sagittae. 
Daily and non-daily increments were distinguished using hatchery and ALC 
marked otoliths viewed in several focal planes under transmitted light. Lapilli polished in 
the sagittal plane had a sequential pattern of a wide light band plus a narrow dark band 
(Figure 2.2) which was interpreted as a daily increment and which extend from the core to 
the edge. The first light band surrounding the core was counted as increment number I 
(Figure 2.2B). Narrower "subdaily" rings (Figure 2.2C) appeared to "split" or divide a 
true ring and were somewhat ephemeral, partly dependent on focus and lighting (see 
Campana 1992). 
The relationship between number of lapillus increments and days since hatch in 
hatchery-raised LRS (Figure 2.3) was: number of increments = 0.15 + 1.00  (days since 
hatch). The coefficient of determination was very high (r2 = 0.99), the model was highly 13 
MEI 
Figure 2.1. Right side, whole, unpolished otoliths from Lost River suckers showing 
ontogenetic changes. Left column otoliths (A, B, C) are from a 12.9 mm NL wild larva, 
bar represents 100 ,um. Right column otoliths (D, E, F) are from a 30.3 mm SL wild 
juvenile, bar represents 100 pm. Top otoliths (A, D) are lapilli, middle otoliths (B, E) are 
sagittae, and bottom otoliths (C, F) are asterisci.  Orientation: anterior to the right and 
posterior to the left. 14 
Figure 2.2. Sagittal plane of a polished right lapillus showing core (A), first increment 
(B), and "split" rings (C). The otolith is from a 17-day old, 14-mm NL, wild larval 
shortnose sucker. Bar represents 25 ym. 
significant (ANOVA: p < 0.0001), and the slope was not significantly different from 1.0 
(two-sided t-test: p = 1.0). 
The relationship between number of lapillus increments and days since hatch in 
hatchery-raised SNS (Figure 2.4) was: number of increments = -0.84 + 1.00  (days since 
hatch). The coefficient of determination was very high (r2 = 0.99), the model was highly 
significant (ANOVA: p < 0.0001), and the slope was not significantly different from 1.0 
(two-sided t-test: p = 0.8158). The relationship between number of post-treatment 
lapillus increments and days since marking in ALC SNS (Figure 2.5) was: number of 
increments = -0.09 + 0.97  (days since ALC marking). The coefficient of determination 15 
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Figure 2.3. Relationship between lapillus increment count and number of days since 
hatching (cohort age) in Lost River sucker. The equation of the fitted linear regression 
days since hatch; r2 = 0.99 and N = 136. line is: number of increments = 0.15 + 1.00
 
Data are offset on the abscissa to show all data points.
 
was very high (r2 = 0.99), the model was highly significant (ANOVA: p < 0.0001), and 
the slope was not significantly different from 1.0 (two-sided t-test: p = 0.0610). A few 
ALC lapilli broke during polishing, separating on the increment containing ALC. The 
effect of ALC on the otolith's aragonite matrix is unknown, though these observations 
suggest a change in matrix integrity. 
Increment counts from sagittae of hatchery-raised larvae were also strongly 
correlated with age in both species (correlation coefficients:  0.99 [LRS]; 0.99 [SNS]) and 
models were highly significant for both species (ANOVA: p < 0.0001). In LRS, the slope 
of the regression line (0.99) was not significantly different from 1.0 (two-sided t-test: p = 
0.6320); however, in SNS the linear regression slope (0.89) was significantly different 16 
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Figure 2.4. Relationship between lapillus increment count and number of days since 
hatching (cohort age) in shortnose sucker. The equation ofthe fitted linear regression line 
is: number of increments = -0.84 + 1.00  days since hatch; r2 = 0.99 and N = 103. Data 
are offset on the abscissa to show all data points. 
from 1.0 (two-sided t-test: p < 0.0001). The relationship between number of post­
treatment sagitta increments in ALC SNS and number of days since marking was: number 
of increments = -0.44 + 0.92  (days since ALC marking). The coefficient of 
determination was very high (r2 = 0.98) and the slope was significantly different from 1.0 
(two-sided t-test: p = 0.0067). 
Lapillus weight was proportional to standard length through October of the first 
year of life in both LRS and SNS (Figures 2.6 and 2.7). Notice, though, in Figure 2.7 the 
large deviation with positive residual from the regression line of several points at 
standard lengths greater than 80 mm. 
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Figure 2.5. Relationship between number of posttreatment lapillus increments and days 
since alizarin complexone treatment in shortnose suckers. The equation of the fitted 
linear regression line is: number of lapillus increments = -0.09 + 0.97  days since alizarin 
treatment; r2 = 0.99 and N = 30. Data are off-set along the abscissa to show all data 
points. 
When the relationship between lapillus weight and standard length for SNS is 
coded by year (Figure 2.8) it becomes obvious that all of the data points exhibiting large 
deviation from the regression line at standard lengths greater than 80 mm were collected 
in 1994. Figure 2.9 shows 1994 collections of SNS coded by month ofcollection. Of the 
SNS with lapillus weight greater than 0.6 mg in 1994, five specimens were collected in 
July, two were collected in August, one was collected in September, and one was 
collected in October. The specimens mentioned in the previous sentence, have much 
larger standard length than other SNS caught in the same month, with the exception of the 
October collection. Also note that one juvenile SNS was caught in June (Figure 2.9); this 
30 18 
specimen was collected coincident to larval SNS collections and represents the only 
juvenile SNS documented from June in lakeshore collections from Upper Klamath Lake 
(unpublished data, Oregon State University). It is likely that the larger than expected 
SNS collected from June through September of 1994 were fish born in 1993 and were not 
young of the year. Unfortunately, none of those larger fish have been aged. The single 
SNS collected in October is similar in size to SNS collected in September and is assumed 
to have been born in 1994; though this specimen was not aged. 
A second pattern present in Figure 2.8 is that many SNS collected in 1993 had 
heavier than expected otoliths, a pattern that may be influenced by growth rate. Slower 
growing fish have heavier than expected otoliths for any given standard length (Boehlert 
1985, Reznick et al.  1989, Secor and Dean 1989). In 1993, many young-of-the-year SNS 
had low growth rates (unpublished data, Oregon State University) and many had heavier 
than expected otoliths (Figure 2.8). The otolith weight to standard length relationship of 
the unusual 1994 SNS appeared to be following the same trajectory as the 1993 SNS with 
the heavier-than-expected lapilli.  The current paradigm of juvenile behavior is that 
young-of-the-year LRS and SNS live near the shoreline until the fall of their first year at 
which time they move, permanently, into deeper water (Markle and Simon 1993, Simon 
et al. 1995, Simon et al. 1996). In 1993, though, LRS and SNS were still abundant in 
shoreline habitats at the completion of fall sampling, while remaining uncommon in 
offshore trawl surveys from mid-October (Simon et a/. 1995), both patterns inconsistent 
with other years (Markle and Simon 1993, Simon et a/. 1996). Perhaps the unusual 1994 
fish were actually "residual" slow-growing SNS born in 1993, fish that did not leave the 
shoreline areas of Upper Klamath Lake in the fall of their first year.  If the unusual 1994 19 
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Figure 2.6. Relationship between lapillus weight and standard length for young-of-the­
year Lost River suckers collected from Upper Klamath Lake, Oregon in 1991, 1993, 
1994, and 1995. The equations of the fitted multiplicative regression line is: lapillus 
weight = 0.000077  standard lengthm 92; r2 = 0.98 and N = 567. 
SNS were indeed residual 1993 fish, then the offshore migration of juvenile SNS may be 
based upon size rather than age. The SNS collected in 1994 which may have been born 
in 1993 have been excluded from analyses. 
The relationship of lapillus weight and standard length for young-of-the-year fish, 
after the removal of the unusual 1994 collections, was similar in both species, though the 
relationship diverged at standard lengths greater than 55 mm with the slope for SNS 
being steeper (Figure 2.10), indicating that, on average, SNS have heavier lapilli than 
LRS at any given standard length. In both species the relationship of lapillus weight and 
standard length was best described with a multiplicative model and changes in standard 20 
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Figure 2.7. Relationship between lapillus weight and standard length for shortnose 
suckers collected from Upper Klamath Lake, Oregon in 1991, 1993, 1994, and 1995. The 
equations of the fitted multiplicative regression line is: lapillus weight = 0.000041 
standard length^2"; r2 = 0.98 and N = 872. 
length explained most of the variation in lapillus weight (r2 = 0.98 [LRS]; r2 = 0.98 
[SNS]). 
Discussion 
Knowledge of timing of otolith acquisition is essential to obtain accurate age 
estimates. Otoliths formed at various stages of development, or dependent on 
environmental changes for formation, are suspect for use in age studies. In LRS and SNS 
(hatchery) the lapilli and sagittae formed consistently on the day of hatch with little intra­
or inter-specific variation. In the only other study describing sucker otolith development, 
Muth and Meismer (1995) found lapilli and sagittae three days before hatch in 
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Figure 2.8. Relationship between lapillus weight and standard length, coded by year, for 
shortnose suckers collected from Upper Klamath Lake, Oregon in 1991, 1993, 1994, and 
1995. 
hatchery-raised razorback sucker Xyrauchen texanus. The confirmation of the timing of 
formation of lapilli and sagittae make them potentially useful aging structures in suckers. 
Asterisci formation proved to be highly variable with acquisition later than lapilli and 
sagittae in both LRS and SNS from the hatchery and wild caught specimens. I found 
much intra- and inter-specific variation making the prediction of asteriscus formation 
difficult and therefore not an appropriate aging structure for LRS and SNS. The late 
formation of asterisci is also documented for largescale sucker Catostomus macrocheilus 
(Weisel 1967), white sucker (Beckman and Schultz 1996), and many other taxa (Jones 
1992). In the other study discussing larval sucker otoliths, Muth and Meismer (1995) did 
not mention time of asterisci formation. 
The morphology of lapilli, sagittae, and asterisci of LRS and SNS were consistent 
with those of other ostariophysians (Adams 1940, Weber 1976, Nolf 1985), and each 22 
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Figure 2.9. Relationship between lapillus weight and standard length, coded by month, 
for shortnose suckers collected from Upper Klamath Lake, Oregon in 1994. 
otolith was distinctive, making otoliths easy to differentiate in all life stages. Although 
somewhat smaller than sagittae, the more uniform growth, consistent time of formation, 
and good increment contrast make lapilli ideal ageing structures.  Although sagittae 
possess features similar to lapilli during the first 40-50 days, the sagittae' allometric 
growth thereafter, and its fragility and poor increment contrast, makes it an inappropriate 
ageing structures in LRS and SNS. Similarly, poor increment contrast and an amorphous 
core in asterisci further limit their usefulness for ageing. 
A polished sagittal plane of the lapillus revealed distinct bands.  I interpreted each 
pair of light and dark bands to constitute a daily increment. Narrower "subdaily" 
increments appeared to be, at least partly, artifacts of focal plane (Campana 1992), and 
could be distinguished from true daily increments with careful focus. 23 
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Figure 2.10. Scatterplot showing relationship between lapillus weight and standard 
length for young-of-the-year Lost River sucker (open triangles) and shortnose sucker 
(open circles) collected from Upper Klamath Lake, Oregon from June through October in 
1991, 1993, 1994, and 1995. Solid lines are the regression lines. 
Increments are deposited daily in lapilli of hatchery-raised larvae of LRS and SNS 
and ALC-marked, wild SNS. Increment deposition rate in sagittae of hatchery-raised 
SNS and ALC-marked, wild SNS was significantly different from daily; however, 
increment deposition rate in sagittae of hatchery-raised LRS was daily for ages sampled. 
The difference in increment deposition rate between species may be related to health and 
its influence on otolith morphology. Complete otolith acquisition in hatchery LRS 
occurred at an older age than in wild-caught LRS (i.e., development was slowed), 
whereas complete otolith acquisition in hatchery SNS occurred at the same ages as in 
wild-caught SNS. The change in sagitta morphology, as seen in more developed 
specimens (Figure 2.1), may reduce a readers ability to discriminate increments. 24 
Using information within this chapter as impetus, Hoff et al. (1997) validated 
daily increment formation over a 33-day period in lapilli ofwild-caught juvenile SNS to 
age 176 days. Hoff et al. (1997), intending to validate increment deposition rate in both 
LRS and SNS, collected 15 juvenile fish during their research, only one of which was an 
LRS; therefore, they excluded the LRS from their analyses, and did not validate 
increment formation rate in juvenile LRS. 
The combination of hatchery specimens and specimens from the wild present a 
complete picture of the acquisition, development, growth pattern, and increment 
deposition rate of the three sets of otoliths. From these data I have determined the 
lapillus to be the most preferred otolith for aging larvae and juvenile LRS and SNS. The 
information herein and the additional information in Hoff et al. (1997) confirms 
continued daily ring deposition into the late fall during decreasing lake temperatures and 
slowed growth, insuring accurate age estimates of young-of-the-year SNS through 
approximately the first 6 months of growth. Daily increment deposition in lapilli of LRS 
was validated through 56 days herein; I assume that the pattern of daily increment 
deposition through at least six month, as found in SNS, is found lapilli of LRS, as well. 
The confirmation of daily ring deposition through the first 6 months allows use of otolith-
based estimates of age in sucker recruitment studies, and may aid in understanding the 
early life history of these endangered suckers, and factors affecting their recruitment into 
the adult populations and survival in Upper Klamath Lake. 
Otolith growth is proportional to somatic growth (Figure 2.10) in young-of-the­
year LRS and SNS. Standard length explains most of the variation in otolith weight (98 
percent in both LRS and SNS), though it is obvious that otolith size is not simply a 25 
function of standard length and that age is a factor as well (Figure 2.8).  Future research 
should evaluate the influence of age on otolith growth. 
All three age and growth model assumptions have been validated herein for LRS 
and SNS. The known age at otolith formation, known rate of otolith increment 
deposition, and the known relationship between otolith size and standard length, allow 
researchers to use otoliths to estimate age and growth in young-of-the-year LRS and SNS. 26 
CHAPTER 3
 
A Preliminary Evaluation of Scales as Source of Age and Growth
 
Information for Young-of-the-Year Lost River and Shortnose Suckers
 
Introduction 
Lost River sucker Deltistes luxatus (LRS) and shortnose sucker Chasmistes 
brevirostris (SNS) are endangered lacustrine suckers endemic to the Upper Klamath Lake 
basin of southern Oregon and northern California (United States Fish and Wildlife 
Service 1988). Interest in the apparent recruitment failure of both suckers has required 
accurate age estimates. Currently, age estimates for young-of-the-year suckers from 
Upper Klamath Lake are based on necessarily lethal otolith increment counts (Chapter 2 
of this thesis). Scales-based age estimates, on the other hand, are not lethal - a beneficial 
attribute when ageing rare or protected species. 
Scales have been used to estimate ages of fish for over a century (Carlander 
1987). Ages estimated by scale circuli analysis have historically been based on the 
interval of years. Recently, though, Szedlmayer et al. (1991) and Kingsford and Atkinson 
(1994) have used scale circuli analysis for estimating daily ages and growth rates of 
juvenile weakfish Cynoscion regalis and snapper Pagrus auratus, respectively. If 
possible in suckers, the ability to estimate accurate daily ages from scales would have 
great utility because there would be no need to sacrifice endangered specimens for otolith 
analysis. Also, scales are easier to collect, prepare, and read than otoliths (Carlander 
1987). 27 
To be useful as sources of age and growth information, scales must meet the 
following assumptions: scale acquisition occurs at a predictable age or size, the pattern 
of scale circuli deposition is predictable, and scale growth is proportional to somatic 
growth (Van Oosten 1930). If the assumptions are validated, then scale analysis may 
offer an account of an individual's early life history. 
Since scales do not form at the same time on all portions of a fish's body (Sire and 
Arnulf 1990), location from which one takes scales for analysis is important. Al-Absy 
and Carlander (1988) showed that length-at-age relationships vary by scale location in 
yellow perch Perca flavescens. The squamation pattern is unknown in LRS and SNS and 
must be determined. Preferably, to learn squamation patterns one would examine a time 
series of hatchery-raised fish of known age. Alternately, one could examine a series of 
wild-caught fish from a wide range of sizes, given that one can accurately age the wild-
caught fish. 
In this chapter I explore the practicality of using scales as sources of age and 
growth information for young-of-the-year LRS and SNS. 
Materials and Methods 
All LRS and SNS were collected from Upper Klamath Lake, Oregon during 
October 1991 with a 5-m diameter 9.5-mm bar mesh cast net or a 3-m wide 13-mm bar 
mesh semi-balloon trawl. All specimens were preserved and maintained in 95 percent 
ethanol and were deposited in the Oregon State University Fish Collection (OS). 
A hatchery time-series was not available to study scale acquisition patterns of 
LRS or SNS, thus, I examined wild, young-of-the-year suckers. An attempt to stain 28 
scales of small wild LRS and SNS with the calcium-binding dye alizarin complexone was 
unsuccessful. Few appropriately sized fish were available and many were missing scales, 
attributable to collection by seine. Therefore, I attempted to determine squamation 
patterns in LRS and SNS using fully-scaled young-of-the-year suckers. Because scales do 
not form uniformly over a fish's body (Sire and Arnulf 1990), I evaluated scale circuli 
count variation by body region and made the assumption that all scales from an individual 
fish deposit circuli at the same rate. Twenty scales were removed from five LRS (81.7 ­
105.8-mm SL) and five SNS (62.9 - 85.0-mm SL). I counted scale circuli of five scales 
from each of four common primary regions (Sire and Arnulf 1990): region 1 - medial 
region of caudal peduncle, region 2 - middle flank near lateral line and below center of 
dorsal fin, region 3  anterior flank near lateral line, and region 4 - lower lateral flank 
between pectoral and pelvic fins (Figure 3.1). The scale circuli count was highest and 
coefficient of variation lowest in region 1 (ANOVA: p < 0.0001 [LRS]; p < 0.0001 
Figure 3.1. Regions from which scales were taken for circuli analysis: region 1 - medial 
region of caudal peduncle; region 2 - middle flank near lateral line and below center of 
dorsal fin; region 3  anterior flank near lateral line; and, region 4 - lower lateral flank 
between pectoral and pelvic fins. Drawing is from Keys to Oregon Freshwater Fishes 
and is reprinted by permission. 29 
[SNS]: Table 3.1), suggesting that scales form first in the caudal peduncle of both 
species. The pooled coefficient of variation of scale circuli count in region 1 of both 
species may appear high (LRS = 12.0 percent; and SNS = 9.2 percent), but I did not 
control for the effect of fish size and size may have been a confounding factor. Standard 
length of specimens used when comparing the number of scale circuli with body region 
varied by 29 percent in LRS (81.7 - 105.8-mm SL) and 35 percent in SNS (62.9 - 85.0 ­
mm SL). Coefficients of variation of scale circuli in region 1 from individuals in this 
study were acceptable and ranged from 1.7 to 5.8 percent in LRS and 2.1 to 5.0 percent in 
SNS. By using fish of more similar size I may have been able to reduce the coefficient of 
variation. 
Table 3.1. Average circuli count and coefficient of variation for five scales from each of 
four body regions of Lost River and shortnose suckers. 
body  mean circuli  coefficient of 
species  region  count  variation
 
Lost River sucker  1  22.3  12.0
 
2  19.3  18.9 
3  17.4  12.4 
4  14.0  26.7 
9.2 1 shortnose sucker  21.7 
2  20.6  11.0 
12.3 3  18.1 
10.5 4  16.8 
To examine the relationship between scale and otolith increments, I removed five 
to eight scales from region 1 of 44 LRS and 32 SNS.  Scales were mounted on their 30 
medial surface to a standard 25-mm x 75-mm microscope slide using Crystal Bond ®' 
mounting media. Scale circuli in the anterior (imbedded) portion of each scale were 
counted and distance between circuli were measured using Optimas ®3 image analysis 
software with a standard microscope at 25x. The scale with the greatest number of circuli 
from each fish was used for age estimates. To estimate precision, I repeated counts and 
measures on scales of 12 LRS and 9 SNS the day following original measures. All ages 
were estimated by otolith increment analysis as described in Chapter 2 of this thesis. I 
used regression analysis of scale radius on standard length to determine the relationship 
between scale size and somatic size. All statistical analyses were performed using 
Statgraphics Plus for Windows 2.1V. 
Results 
The scales of LRS and SNS are cycloid, generally elliptical, and have a focus that 
is off center being nearer the anterior edge (Figure 3.2). Radii and circuli are found in all 
portions of the scales. Circuli are more numerous in the anterior region. 
Repeated measures were highly correlated for circuli counts (correlation 
coefficients: LRS = 0.92, and SNS = 0.99) and anterior scale radius measurements 
(correlation coefficients: LRS = 0.99, and SNS = 0.99). Also, circuli count was 
moderately correlated with anterior scale radius (correlation coefficients: LRS = 0.75, and 
SNS = 0.71). 
The length at scale acquisition may be estimated by the y-intercept of the linear 
regression model of SL on scale circuli count or the y-intercept of the linear regression 
model SL on scale radius. Fish length at scale acquisition for LRS is approximately 44 31 
mm, as estimated by the y-intercept of the linear regression model of SL on scale circuli 
(ANOVA: p < 0.0001, r2 = 0.48) and approximately 49 mm when estimated by the y-
intercept of the regression analysis of SL on scale radius (ANOVA: p < 0.0001, r2 = 
0.57). These estimates are inconsistent with findings from museum specimens of LRS 
collected from Upper Klamath Lake in the spring or summer of 1991. An unstained LRS 
28.9-mm SL was partially scaled (OS 014019-A20) and one 34.8-mm SL LRS was nearly 
completely scaled (OS 014019-A22); scales were not obvious on a 25.6-mm SL LRS (OS 
013853-1). Age at scale acquisition was approximately 105 days for LRS when estimated 
from the regression analysis of lapillus increment count on scale circuli (ANOVA: p = 
Figure 3.2. Right side, caudal peduncle scale from an 80.3 mm SL shortnose sucker 
showing: focus (A), first circuli (B), and radii (C). Orientation: anterior to the left and 
posterior to the right. The bar represents 0.5 mm. 32 
0.0513, r2 = 0.09) and approximately 103 days when estimated from regression analysis 
of lapillus increment count on scale radius (ANOVA: p = 0.0067, r2 = 0.17). 
Fish length at scale acquisition is about 36 mm for SNS as estimated by the y-
intercept of the regression analysis of SL on scale circuli (ANOVA: p < 0.0001, r2 = 0.47) 
and 43 mm as estimated from the analysis of SL on scale radius (ANOVA: p < 0.0001, r2 
= 0.55). Unstained museum specimens of SNS were smaller at scale formation than 
predicted by the regression model as well. An SNS 31.4-mm SL was partially scaled (OS 
014061-A60) and one specimen was nearly entirely scaled at 35.7-mm SL (OS 014061 ­
A51). One 25.4-mm SL SNS was not scaled (OS 014061 - A34). Age at scale 
acquisition was about 92 days for SNS when estimated from the regression analysis of 
lapillus increment count on scale circuli (ANOVA: p = 0.0004, r2 = 0.34) and about 105 
days when estimated from regression analysis of lapillus increment count on scale radius 
(ANOVA: p = 0.0007, r2 = 0.34). 
The equation of the linear model describing the relationship between age and 
scale circuli count in LRS is: age = 105.3 + 1.1  scale circuli count (ANOVA: p = 
0.0513; Figure 3.3). The correlation coefficient of the model equals 0.30, suggesting a 
moderately weak relationship between estimated age and scale circuli count. The slope of 
this regression line estimates the rate of circuli deposition. Given that otolith increments 
are deposited daily (Chapter 2 of this thesis), then 1 scale circulus is deposited every 1.1 
days in LRS. Scale circuli deposition rate in LRS is not significantly different from one 
circuli per day (two-sided t-test; p = 0.8340). One scale circulus is deposited with every 
2.0 mm SL increase in LRS. 33 
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Figure 3.3. Scatterplot and regression line showing relationship between estimated age 
and scale circuli number for Lost River suckers collected from Upper Klamath Lake, 
Oregon in October 1991. The equation of the fitted linear regression line is: age =  107.79 
+ 1.02  circuli number; r2 = 0.07 and N = 42. 
The equation of the linear model describing the relationship between age and 
scale circuli count in SNS is: age = 92.7 + 1.4  scale circuli count (ANOVA: p = 0.0004; 
Figure 3.4). The correlation coefficient of the model equals 0.59, suggesting a 
moderately strong relationship between estimated age and scale circuli count. One scale 
circulus is deposited every 1.4 days in SNS. Scale circuli deposition rate in SNS is not 
significantly different from one circuli per day (two-sided t-test; p = 0.2540). One scale 
circulus is deposited with every 1.7 mm SL increase in SNS. 34 
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Figure 3.4. Scatterplot and regression line showing relationship between estimated age 
and scale circuli number for shortnose suckers collected from Upper Klamath Lake, 
Oregon in October 1991. The equation of the fitted linear regression line is: age = 94.00 
+ 1.39  circuli number; r2 = 0.39 and N = 30. 
Scale size (anterior radius) is proportional to fish size (SL) in both species 
(Figures 3.5 and 3.6) and the correlation coefficients of the regression models suggest 
moderately strong relationships between estimated age and scale circuli count for both 
species (correlation coefficients: 0.75 [LRS] and 0.74 [SNS]). Standard length explained 
more variation in scale size than fish age in both species (Table 3.2). 
Discussion 
The scales in LRS and SNS are typical of catostomids (Stewart 1926, Lagler 
1956). The scales of both species were easy to remove and handle. Ease of handling and 35 
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Figure 3.5. Scatterplot and regression line showing relationship between scale radius and 
standard length for Lost River suckers collected from Upper Klamath Lake, Oregon in 
October 1991. The equation of the fitted linear regression line is: scale radius = -64.42 + 
length; r2 = 0.47 and N = 42. 
preparation are reasons scales have been so popular in many age and growth studies 
(Carlander 1987). The ease of reading the anterior margin of the scale, as found in LRS 
and SNS, is common with previous studies of varied species (Demina 1981, Szedlmayer 
et al. 1991, Lowerre-Barbieri et al. 1994, Booth et al. 1995), and the distinctiveness of 
the circuli and the relatively large distances between circuli (as compared with otolith 
increments) allowed high precision of counts in this study. 
If all scales deposit circuli at the same rate regardless of location on the body, then 
scales first form on the caudal peduncle of both LRS and SNS. This pattern of scale 
acquisition has been described in spotted sucker Minytrema melanops (White 1977), 
white sucker Catostomus commersoni (Fuiman 1979), and creek chubsucker Erimyzon 36 
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Figure 3.6. Scatterplot and regression line showing relationship between scale radius and 
standard length for shortnose suckers collected from Upper Klamath Lake, Oregon in 
October 1991. The equation of the fitted linear regression line is: scale radius = -170.08 
+ 10.72  standard length; r2= 0.55 and N = 30. 
oblongus (Fuiman 1979) and may be the typical catostomid pattern (Fuiman 1979). An 
analysis of the number of scale circuli by body region is only a first-order method of 
appraising the location of first scales, and my results should be verified by use of 
hatchery-raised specimens or a review of small wild-caught specimens. 
Scale circuli count and variation in circuli count differed by body region in both 
LRS and SNS. Al-Absy and Carlander (1988) noted the same pattern in yellow perch. 
Time delay in scale formation confounds accurate estimates of age; therefore, it is 
essential to use scales with the highest circuli count for estimating age of fishes. The 
region with the lowest coefficient of variation has the scales with the most homogeneity 
in circuli count. Scales from the caudal peduncle of both sucker species have the greatest 37 
Table 3.2. Results of linear regression analyses which compared age and standard length 
to the number of scale circuli and anterior scale radius for Lost River sucker and 
shortnose sucker. Ages were estimated by otolith increment analyses. 
species 
explanatory 
variable 
response 
variable  y-intercept  slope  p - value 
correlation 
coefficient 
r-squared 
(percent) 
(x)  (Y) 
Lost River  estimated  number of  12.9380  0.0782487  0.0513  0.29572  8.74503 
sucker  age  scale circuli 
standard  number of  1.50608  0.241933  < 0.0001  0.695261  48.3388 
length  scale circuli 
estimated  anterior  144.731  3.95672  0.0067  0.412277  16.9972 
age  scale radius 
standard  anterior  -144.627  8.85877  < 0.0001  0.751697  56.5048 
length  scale radius 
shortnose  estimated  number of  -6.9268  0.243239  0.0004  0.586658  34.4168 
sucker  age  scale circuli 
standard  number of  2.00918  0.287069  < 0.0001  0.688553  47.4105 
length  scale circuli 
estimated  anterior  -599.137  9.70678  0.0007  0.586209  34.3641 
age  scale radius 
standard  anterior  -168.063  10.5536  < 0.0001  0.740089  54.7732 
length  scale radius 
circuli counts and the lowest amount of variation; consequently, caudal peduncle scales 
are the preferred scale for age and growth analyses in LRS and SNS. 
The estimated size at scale acquisition has been extrapolated from my data sets 
and may not be accurate. The estimates for size at scale acquisition for LRS and SNS are 
higher than those reported for other catostomids (Table 3.3). Staining specimens with a 
calcium binding dye, such as alizarin complexone, would make the scales - particularly 
very early scales - more obvious (Cooper 1971, White 1977, and Sire and Arnulf 1991). 
If staining the museum specimens would have been successful, then smaller scales would 
have been visible and corresponding sizes at scale acquisition would have been smaller. 38 
The age at scale acquisition estimated from my models were extrapolated from the 
regression models and were high and likely inaccurate. Age at scale formation, estimated 
from regression models was 103 to 105 days for LRS and 92 to 105 days for SNS. The 
youngest 1991 LRS and SNS aged during this thesis study were 94 days and 105 days, 
and all suckers were fully scaled. Additionally, it is highly unlikely that a 28.9-mm SL 
LRS (smallest, partially-scaled museum specimen) is 103 or 105 days old or a that a 31.4 ­
mm SL SNS (smallest, partially-scaled museum specimen) is 92 or 105 days old. Based 
upon length-at-age relationships for suckers collected in Upper Klamath Lake in 1994, a 
103-day-old LRS would be about 58-mm SL and a 105-day-old LRS would be 60-mm 
Table 3.3. Size at scale formation and size at completion of scalation for various sucker 
species (Catostomidae). 
species  scale formation begins  scale formation completed  source 
quillback  19.9 mm  35.2 mm.  (Fuiman 1979) 
Car/nodes cyprinus 
longnose sucker  sometime after 22.8 mm  28.3 mm  (Fuiman and Witman 1979) 
Catostomus catostomus 
white sucker  34 mm  38 mm [nearly complete]  (Fuiman 1979) 
Catostomus commersom  22.0 mm  25.0 mm  (Mansueti and Hardy 1967) 
flannelmouth sucker  21.0 - 25.0 mm  33.0 - 40.0 mm  (Snyder 1981) 
Catostomus laupinms 
blue sucker  32.7 mm  46.5 mm [nearly complete]  (Yeager and Semmens 1987) 
Cyc !emuc elongatus 
creek chubsucker  19.0  19.6 mm  (Fuiman 1979) 
Erimyzon oblongus  before 34 mm  45 mm  (Mansueti and Hardy 1967) 
northern hogsucker  sometime after 25.8 mm  29.4 mm  (Fuiman 1979) 
Hypentelium ntgracans 
spotted sucker  24 mm  33 mm  (White 1977) 
Minytrema melanops 
golden redhorse  18.7 mm  23.1 mm.  (Fuiman and Witman 1979) 
Moxostoma etythrurum 
shorthead redhorse  sometime after 17.0 mm  26.6 mm.  (Fuiman 1979) 
Moxostoma macroleptdotum 
SL; a 92-day-old SNS would be about 46-mm SL, and a 105-day-old SNS would be about 
54-mm SL (unpublished data - Oregon State University). Using the length-at-age models 39 
from the 1994 collections and the sizes of 1991 museum specimens with scales present, 
estimated age-at-scale acquisition would be about 73 days for both species. Northern 
hogsucker Hypentelium nigracans completes its scale acquisition by 75 days (Fuiman 
1979). I found no other age-at-scale acquisition information for other catostomids. 
My findings of daily scale circuli deposition in LRS and SNS may be fortuitous. 
A model may predict daily circuli deposition when the true deposition rate is different 
than daily but the data are too variable to distinguish it from a daily rate (Szedlmayer et 
al. 1991). My regression models of age on scale circuli count, for both species, exhibit 
much dispersion. The variation in age as explained by variation in circuli count is only 
8.7% in LRS and 34.4% in SNS. Two sources of systematic bias occur in the models of 
both species: (1) the age at scale formation is unknown and are not well estimated by the 
regression models; and, (2) the time between scale formation and the timing of deposition 
of the first circulus is unknown. The influence of these biases is unknown. Also, scale 
acquisition may be more related to size than age, as somatic size explains more variation 
in circuli count in LRS and SNS than does age (Table 3.2). The influences of age and 
somatic size on circuli count, and the influence of the aforementioned biases must be 
examined before using scales to estimate age in LRS or SNS. 
Even though recent researchers have used scales to estimate accurate daily ages in 
weakfish Cynocion regalis (Szedlmayer et al. 1991) and New Zealand snapper Pagrus 
auratus (Kingsford and Atkinson 1994), my findings suggest that scale circuli count is an 
inefficient estimator of age in LRS and SNS. Daily age estimates for any given circuli 
count varied by approximately 51 days in LRS and 30 days in SNS. Additionally, my 
results do not accurately predict the size or age at which scales are formed, thereby 40 
invalidating assumptions of age and growth models.  Consequently, scale circuli analysis 
cannot be used to produce accurate estimates of age or growth rates for young-of-the-year 
LRS and SNS. 41 
CHAPTER 4
 
Interannual Variation in Hatch Dates and Growth Rates of Young-of-the-Year
 
Lost River and Shortnose Suckers and Environmental Factors Influencing
 
Abundance and Growth of Young-of-the-Year Suckers
 
Introduction 
Lost River sucker Deltistes luxatus (LRS) and shortnose sucker Chasmistes 
brevirostris (SNS) are endangered lacustrine suckers endemic to the Upper Klamath basin 
of southern Oregon and northern California (United States Fish and Wildlife Service 
1988). Recently, populations of LRS and SNS have declined to critical levels. Estimates 
in the mid-1980's indicated that the populations were ageing with negligible recruitment 
since 1970 (Buettner and Scoppettone 1990). High priority has been placed on 
investigating recruitment of Upper Klamath Lake suckers (United States Fish and 
Wildlife Service 1993). Interest in the apparent recruitment failure of both species 
requires accurate age estimates. Recruitment failure in fishes can be caused by small 
changes in larval growth rates and stage durations (Houde 1987). Both environmental 
variables and biological processes affect growth and, consequently, may increase larval 
stage duration, thereby reducing survival rates, and directly influencing year-class success 
(Sissenwine 1984, Houde 1987, Fitzhugh et al. 1997). Preliminary analyses of Upper 
Klamath Lake sucker population dynamics, suggests that populations of LRS and SNS 
are dominated by few year classes (Buettner and Scoppettone 1990, Perkins et al. 1996a, 
Perkins et al. 1996b, unpublished data - United States Bureau of Reclamation, 
unpublished data - Oregon State University) and that year class success is determined 
within the first year (Markle and Simon 1993, Simon et al. 1995, Simon et al. 1996). The 42 
large fluctuation in recruitment success expressed in LRS and SNS has also been 
observed in the closely related cui-ui Chasmistes cujus (Scoppettone et al. 1986, 
Scoppettone 1988). The early life history of the Upper Klamath Lake suckers is poorly 
understood, making management difficult. 
Accurate estimates of age and growth rates of juvenile LRS and SNS are wanting; 
this absence of information is the impetus for this project. The purpose of this chapter is 
to generate and compare interannual variation in age and growth parameters. Ages will 
be generated for LRS and SNS surviving until October of their first year using the 
validated age methodology from Chapter 2, and growth rates will be estimated using 
length at age growth curves. 
Otoliths and scales are the two most commonly used body parts for generating 
estimates of fish age or growth (Campana and Neilson 1985, Carlander 1987). Otoliths 
have been used frequently to estimate daily ages of fish (reviewed in Campana and 
Neilson 1985); recently, though, Szedlmayer et al. (1991) and Kingsford and Atkinson 
(1994) have used scale circuli analysis for estimating daily ages of juvenile weakfish 
Cynoscion regalis and snapper Pagrus auratus respectively. Scale analyses are less 
accurate than otolith analyses (Campana and Neilson 1985, Carlander 1987, Chapter 3 of 
this thesis); therefore, I will use otolith (lapilli) increment analysis as my primary method 
to estimate daily ages and growth rates of young-of-the-year LRS and SNS. 
Materials and Methods 
As part of an ongoing study to examine early life history of Upper Klamath Lake 
suckers, Oregon State University researchers have attempted to collect young-of-the-year 43 
suckers annually since from 1991. Collections of juvenile suckers occurred typically 
from July through October. I was interested in fish surviving to the fall of their first year 
and therefore used only data from October-caught fish.  Collection attempts were 
unsuccessful for young-of-the-year LRS or SNS in 1992 and otoliths have not been 
prepared from suckers collected after 1995. Consequently, only data from 1991, 1993, 
1994, and 1995 are considered herein. Ages are available for suckers  collected in 
October of each year (1991: 64 LRS, 33 SNS; 1992: 0 LRS, 0 SNS; 1993: 60 LRS, 33 
SNS; 1994: 27 LRS, 0 SNS; 1995: 18 LRS, 6 SNS). 
Gear used to collect suckers from Upper Klamath Lake varied among and within 
years. Fish used in this thesis were collected with: 4.9-m diameter, 9.5-mm-bar mesh 
cast net (1991, 1993, 1994, 1995); 4.9-m diameter, 6.4-mm-bar mesh cast net (1993, 
1994, 1995); and, 3-m opening, 13-mm bar mesh, otter trawl (1991, 1993, 1994, 1995). 
Data from all gear types were combined and analyzed collectively without regard to 
potential gear bias. All specimens were preserved and maintained in 95 percent ethanol. 
Standard length was measured and recorded for all preserved specimens without using a 
correction factor for shrinkage. All specimens are deposited in the Oregon State 
University Fish Collection (OS). 
Catch-per-unit-effort (CPUE) values were generated by Oregon State University 
researchers by calculating the number of young-of-the-year suckers caught per cast on 
fixed-site castnet surveys of Upper Klamath Lake from late August through mid October 
of 1991 through 1995 (unpublished data, Oregon State University). Population estimates 
for young-of-the-year LRS and SNS are not available; therefore, CPUE is used herein as 
an index of abundance. 44 
Since lapillus increments are deposited daily (Chapter 2 of this thesis), I estimated 
hatch dates of individuals by counting lapillus increments and then subtracting one day 
from the annual Julian date of capture for each lapillus increment.  To estimate precision 
of increment counts, I recounted increments of 46 arbitrarily chosen lapilli from October 
1991 specimens. Some second lapillus increment counts occurred the day following the 
first count and some second counts occurred as late as 12 months following the first 
count. I used coefficient of variation as an estimate of precision of otolith counts. Since I 
was interested in assessing my ability to precisely count lapilli increments, a parameter 
assumedly independent of species, I pooled all samples regardless of species. 
Growth rates, for fish surviving to October of their first year, were determined 
using two methods: (1) cohort growth rates were estimated with length-at-age curves 
using linear regression of standard length on age - the slope of this line estimates the 
growth rate of all individuals combined within the parameters of the explanatory variable; 
and (2) average daily growth rate for individuals was estimated by dividing standard 
length by age. Eight mm was subtracted from standard length to compensate for average 
size at hatch (Buettner and Scoppettone 1990) before average daily growth rate estimates 
were generated. 
To get a first-order look at the potential effect of hatch date on average daily 
growth rate, I used regression analysis and plotted average daily growth rate on Julian 
hatch date. The slope of the resulting regression line illustrates the magnitude of the 
influence of hatch date on growth rate. If the slope is zero, then there is no growth rate 
advantage associated with hatch date; if the slope is less than zero, then there is an early 45 
hatch date advantage; and, conversely, if the slope is greater than zero, then there is an 
advantage associated with late hatch date. 
Water temperature, pH, and dissolved oxygen levels were measured and recorded 
biweekly by biologists from The Klamath Tribes at several locations around Upper 
Klamath Lake. At each site, water quality parameters were measured at the surface and 
at 1 meter intervals to the bottom. Average seasonal values were determined for the 
water quality parameters from April through October of each year using data from all 
locations and depths. Castleberry and Cech (1993) described the critical thermal maxima 
for SNS, and Falter and Cech (1991) described the maximum pH tolerance for SNS; no 
thermal or pH tolerance data were available for LRS, so I assumed that values were 
similar for both SNS and LRS. Monda and Saiki (1993) described the critical oxygen 
minima for LRS and SNS. To get a general view of environmental conditions for each 
year, I generated mean seasonal values for the limnological parameters, also I counted the 
number of temperature and pH data that were in excess of, and the number ofdissolved 
oxygen data that were below the critical values and provided a simple proportion of 
critical data points to total data points. Also, I plotted the critical data points by the 
month of occurrence. 
Total monthly precipitation and average monthly air temperature were provided 
for Klamath Falls, Oregon by the Oregon Climate Service. Precipitation data were not 
available for February 1992 from the Klamath Falls weather station; precipitation data for 
February 1992 from the Keno weather station, the nearest weather station, was substituted 
into the analyses for the missing data. Lake elevation data were provided by the United 
States Bureau of Reclamation. I plotted total monthly precipitation, average monthly air 46 
temperature, and lake elevation measures against CPUE and average daily growth rate 
and generated correlation coefficients for each comparison. 
Interannual comparisons of standard lengths, hatch dates, and growth rates were 
done using analysis of variance. All analyses were performed using Statgraphics Plus for 
Windows 2.1g5. 
Results 
Catch per unit effort differed among years (Table 4.1). There was general 
agreement between species with regards to relative CPUE; that is, when CPUE was high 
for one species, it was also high for the other species with the exception of 1995 when 
CPUE was low for LRS and high for SNS. 
Table 4.1. Catch per unit effort (CPUE) by species and year. Mean, minimum, and 
maximum size, and mean, minimum, and maximum hatch dates of Lost River suckers 
and shortnose suckers caught in October from Upper Klamath Lake, Oregon. 
mean  minimum  maximum  mean  minimum  maximum 
standard standard  hatch  hatch  hatch species  year  CPUE  size  size  size  error error 
date  date  date (mm)  (mm)  (mm) 
Lost River 
1991  0.75  92.8  64.8  115.4  1.2  31 May  17 Apr  5 Jul  1.5 
sucker 
1992  0.00  data are not available - no Lost River suckers collected 
1993  1.13  77.1  60.0  91.8  0.9  8 Jun  3 May  10 Jul  1.8 
1994  0.01  102.2  72.7  123.5  2.0  20 May  22 Apr  25 Jun  3.6 
1995  0.25  82.9  64.2  109.9  2.4  29 Apr  22 Mar  29 May  4.4 
shortnose 
sucker 
1991  1.10  75.7  62.9  89.7  1.3  5 Jun  23 May  23 Jun  1.5 
1992  0.00  data are not available  no shortnose suckers collected 
1993  0.96  69.1  59.1  81.2  1.1  6 Jun  9 May  27 Jun  1.9 
1994  0.06  data are not available - only one shortnose sucker collected and it was not aged 
1995  0.80  68.9  57.3  75.3  2.5  10 May  10 Apr  5 Jun  8.4 47 
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Figure 4.1. Box and whisker plot of hatch date distribution of young-of-the-year Lost 
River suckers collected in October of 1991, 1993, 1994, and 1995 from Upper Klamath 
Lake, Oregon. Data are not available for 1992. Small crosses are mean hatch dates, 
small circles are outliers, and N is sample size. 
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Figure 4.2. Box and whisker plot of hatch date distribution of young-of-the-year 
shortnose suckers collected in October of 1991, 1993, and 1995 from Upper Klamath 
Lake, Oregon. Data are not available for 1992 or 1994. Small crosses are mean hatch 
dates, small circles are outliers, and N is sample size. 48 
Mean hatch dates for October-caught LRS were significantly different each year 
(ANOVA: p < 0.0001) and ranged from Julian day 119 (29 April) in 1995 to Julian day 
159 (8 June) in 1993 (Figure 4.1, Table 4.1). The difference between minimum and 
maximum hatch date in LRS within any year ranged from 64 to 79 days (Table 4.1). 
Mean hatch date was less variable in SNS than LRS.  Mean hatch date for SNS in 1995 
was significantly earlier than 1991 or 1993 (ANOVA: p < 0.0001) and there was no 
significant difference between mean hatch date in 1991 and 1993 (ANOVA:  p = 0.4875). 
The earliest mean hatch date for SNS was Julian day 130 (10 May) in 1995 and the latest 
mean hatch date was Julian day 157 (6 June) in 1993 (Figure 4.2, Table 4.1). The 
difference between minimum and maximum hatch date within any year was less in SNS 
than LRS and ranged from 31 to 56 days (Table 4.1). The distribution of hatch dates for 
both species was unimodal and tended to be long-tailed (Figures 4.1 and 4.2). The mean 
hatch date tended to be earlier for LRS than SNS, but only in 1991 was the difference 
significant (ANOVA:  p = 0.0440 - 1991, p = 0.6178 - 1993, p = 0.2376 - 1995; Table 
4.1). 
Mean standard length of young-of-the-year LRS caught in October differed 
significantly among all years of this study (ANOVA:  p < 0.0001; Table 4.1). Only 
young-of-the-year SNS  collected in October 1991 were significantly larger than SNS 
collected in October of other years (ANOVA:  p = 0.0005; Table 4.1). In October of all 
years, mean standard length of LRS was significantly larger than mean standard length of 
SNS (ANOVA:  p < 0.0001 - 1991, p < 0.0001 - 1993, p = 0.0044 - 1995; Table 4.1). 
Linear regression best described the relationship of standard length to age, for 
October-caught specimens of both species for all years. Cohort growth rates, as estimated 49 
by the slope of the regression line of standard length on age, differed significantly among 
years in LRS (ANOVA: p = 0.0024; Table 4.2). Cohort growth rate of 1994 LRS was 
lower than the cohort growth rate of LRS caught in other years.  Cohort growth rate for 
LRS was significantly different from zero for 1991 (ANOVA: p < 0.0001), 1993 
(ANOVA: p < 0.0001), and 1995 (ANOVA: p = 0.0076), but the cohort growth rate for 
LRS in 1994 was not significantly different from zero (ANOVA: p = 0.7527). Cohort 
growth rates did not differ significantly among years in SNS (ANOVA: p = 0.1129; Table 
4.2). The cohort growth rate of SNS from 1995 was not significantly different from zero 
(ANOVA: p = 0.1498), and may be affected by small sample size as the influence of any 
datum which is unusual in its explanatory variable is enhanced with small sample sizes 
(Ramsey and Schafer 1996). 
Average daily growth rates of LRS were always greater than the average daily 
growth rates of SNS. In all years, the difference was statistically significant (ANOVA: p 
< 0.0001 - 1991, p < 0.0001 - 1993, p = 0.0298  1995; Table 4.3). When data for both 
species was combined, average daily growth rate was weakly correlated with CPUE 
(ANOVA: p = 0.4939; correlation coefficient = -0.31; Figure 4.3). When data was 
considered by species, average daily growth rate was weakly correlated for LRS 
(ANOVA: p = 0.8457; correlation coefficient = -0.15; Figure 4.3) and strongly correlated 
with CPUE for SNS (ANOVA: p = 0.0769; correlation coefficient = 0.99; Figure 4.3). 
In LRS, the slope of the regression line comparing average daily growth rate and 
hatch date was not significantly different from zero for 1991 (ANOVA: p = 0.0914) or 
1995 (ANOVA: p = 0.1683), though there was a positive trend to both slopes (Figure 
4.4). The slopes of the regression lines were positive and significantly different from zero 50 
Table 4.2. Results of linear regression analyses which compared standard length 
(response variable) and estimated age (explanatory variable) of Lost River and shortnose 
suckers from October 1991, 1993, 1994, and 1995. Ages were estimated from lapillus 
increment analysis. The slope of these relationships estimate the daily change in standard 
length in millimeters of young-of-the-year suckers caught in October within the 
parameters of the explanatory variable (age range).  The weekly growth rate equals slope 
multiplied by seven. 
weekly
correlation  r-squared  growth  age range species  year  y-intercept  slope  p - value  coefficient  (percent)  rate 
Lost River sucker  1991  32.81  0.46  <0.0001  0.59  35.32  64  3.22  94 - 173 
1992	  no data available for this year 
1993  41.29  0.27  <0.0001  0.57  32.18  60  1.91  96 - 162 
97.03  0.04	  0.7527  0.06  0.40  27  0.25  103 - 176 1994 
1995  29.36  0.33  0.0076  0.61  36.80  18  2.31  136 - 204 
0.51  0.0002  0.60  35.80  33  3.58  105 - 145 shortnose sucker	  1991  11.12
 
1992  no data available for this year
 
0.23  0.0174  0.41  16.93  33  1.59  113 - 156 1993  38.91 
1994	  no data available for this year 
0.20  0.1498  0.66  44.18  6  1.38  121 - 185 1995  38.86 
Table 4.3. Average and standard deviation of average daily growth rate for Lost River 
sucker and shortnose sucker. Statistical significance is based upon a 95 percent 
confidence level and was evaluated with analysis of variance. 
Lost River sucker  shortnose sucker
standard	  standard  significant difference
Year  growth rate	  growth rate
deviation	  deviation  between species
(mm per day)	  (mm per day) 
1991	  0.65  0.06  0.54  0.05  yes, p < 0.0001 
1992  no data	  no data  N/A 
1993	  0.53  0.05  0.46  0.05  yes, p < 0.0001 
1994	  0.66  0.12  no data  N/A 
1995	  0.46  0.05  0.40  0.04  yes, p = 0.0298 51 
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Figure 4.3. Scatterplot of catch per unit effort and average daily growth rate for Lost 
River sucker (open triangles) and shortnose sucker (open circles) collected in Upper 
Klamath Lake, Oregon in the fall of 1991 through 1995. Data are not available for Lost 
River sucker for 1992, and are not available for shortnose sucker from 1992 and 1994. 
The correlation coefficient for both species combined is -0.31. The correlation 
coefficient for Lost River alone is -0.15 and for shortnose alone is 0.99. 
in 1993 (ANOVA:  p < 0.0001) and 1994 (ANOVA: p <  0.0001) inferring a growth rate 
advantage to late-born fish. The slope of the regression line was much steeper in 1994 
than in 1993 (or other years), inferring that the effect of hatch date on growth rate was 
greater in 1994 than in 1993. In both 1993 and 1994, late-born LRS grew much faster 
than the early-born members of their cohort (Figure 4.4). In SNS, the slope of the 
regression line was positive and significantly different from zero (ANOVA:  p = 0.0331) 
illustrating some growth rate advantage to late-born SNS  in 1993 (Figure 4.5). The slope 
of the regression line was not significantly different from zero in 1991 (ANOVA: p = 
0.1489) or 1995 (ANOVA:  p = 0.1907). In 1995 there was a positive trend to the slope 
and in 1991 there was a negative slope to the regression line. 52 
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Figure 4.4. Scatterplot showing relationship between growth rate and Julian hatch date 
in Lost River suckers collected from Upper Klamath Lake, Oregon in October 1991, 
1993, 1994, and 1995. Data are not available for 1992. Straight lines are the regression 
lines for each year. 
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Figure 4.5. Scatterplot showing relationship between growth rate and Julian hatch date 
in shortnose suckers collected from Upper Klamath Lake, Oregon in October 1991,  1993, 
and 1995. Data are not available for 1992 or 1994. Straight lines are the regression lines 
for each year. 
Mean seasonal water temperature was higher in 1992 and 1994 than in other years 
(Table 4.4). In no years were there any temperature data that exceeded the critical 53 
thermal maxima of 32.7°C (Table 4.5). Mean seasonal dissolved oxygen levels varied 
from 8.01 mg/L in 1994 to 8.66 mg/L in 1991 (Table 4.4) and there were few dissolved 
oxygen data below the critical oxygen minima of 1.8 mg/L (Table 4.5). Mean seasonal 
pH ranged from 8.31 in 1993 to 8.91 in 1995 (Table 4.4) and in all years there were many 
pH data that exceeded the maximum pH tolerance of 9.55 (Table 4.5). The skewness 
and/or kurtosis for the distribution of all limnological data were outside the normal range 
for all years, and the standard deviations were significantly different among years 
(ANOVA: p < 0.0001), which indicated some significant nonnormality in the data, and 
violated the assumption that the data come from normal distributions; this makes 
interpretation of these data tenuous at best. Additionally, the distribution for dissolved 
oxygen was longtailed in all years and had many outliers and some extreme outliers. 
Critical water temperature values did not occur in Upper Klamath Lake in any 
year (Table 4.5), though mean seasonal water temperature was strongly correlated with 
total CPUE (correlation coefficient = -0.83; Table 4.6). Also, mean seasonal water 
temperature was weakly correlated with average daily growth rate (correlation coefficient 
= 0.20; Table 4.6). 
Critical dissolved oxygen levels occurred in Upper Klamath Lake in all years 
except for 1991 (Table 4.5), though critical values were not common in any year. Mean 
seasonal levels of dissolved oxygen were weakly correlated with total CPUE (correlation 
coefficient = 0.42; Table 4.6) and average daily growth rate (correlation coefficient = 
-0.08; Table 4.6). 54 
Table 4.4. Mean seasonal water temperature, pH, and dissolved oxygen levels for Upper 
Klamath Lake, Oregon, by year, for the period of April through October. All data 
collected by biologists from The Klamath Tribes. 
water temperature  dissolved oxygen  pH year  (degrees Fahrenheit)  (mg/L) 
1991  15.17  8.66  8.77 
1992  16.43  8.12  8.54 
1993  15.69  8.04  8.31 
1994  16.53  8.01  8.55 
1995  15.62  8.51  8.91 
Table 4.5. Number of critical data divided by the total number of data for temperature, 
dissolved oxygen, and pH for Upper Klamath Lake, Oregon from April through October 
of 1991 through 1995. Data were collected by biologists from The Klamath Tribe. 
percent  dissolved  percent  percent
pH year  temperature  .
critical  oxygen  critical  critical 
1991  0/380  0.0  0/380  0.0  60/362  16.6 
1992  0/389  0.0  13/388  3.4  32/388  8.2 
1993  0/449  0.0  11/448  2.5  25/448  5.6 
1994  0/418  0.0  3/418  0.7  65/418  15.6 
1995  0/522  0.0  7/520  1.4  125/521  24.0 
Even though critical pH values occurred in Upper Klamath Lake in each year from 
1991 through 1995 and in some years critical values were very common (Table 4.5), 
critical values did not occur in all months. From 1991 through 1995, critical pH values 
occurred in only June through October (Figure 4.6). Mean seasonal pH of Upper 
Klamath Lake was weakly correlated with total CPUE (correlation coefficient = -0.05; 
Table 4.6) and average daily growth rate (correlation coefficient = -0.17; Table 4.6). 55 
Total seasonal precipitation at Klamath Falls, Oregon was lower in 1992 and 1994 
than in other years (Table 4.7), while mean seasonal air temperature was higher in 1992 
and 1994 than in other years (Table 4.8). Minimum lake elevation was 4138.0 in 1991, 
4137.4 in 1992, 4139.3 in 1993, 4136.8 in 1994, and 4138.6 in 1995. 
Total seasonal precipitation was highly correlated to both CPUE (correlation 
coefficient = 0.67) and average daily growth rate (correlation coefficient =  -0.87). 
Mean seasonal air temperature was highly correlated with CPUE (correlation coefficient 
= -0.90), though not highly correlated to average daily growth (correlation coefficient = 
0.15). Minimum lake elevation was highly correlated to total seasonal precipitation 
(correlation coefficient = 0.91), mean seasonal air temperature (correlation coefficient = 
-0.76) as well as average daily growth rate (correlation coefficient = -0.70), and CPUE 
(correlation coefficient = 0.79). 
Discussion 
Derived ages and resulting hatch dates of young-of-the-year LRS and SNS were 
consistent annually and reasonable. However, the estimates of hatch date distributions 
are for fish surviving to October and may or may not represent the distribution of hatch 
dates at hatch. Otolith increment counts produce back-calculated hatch dates of 22 March 
to 10 July which are consistent with reported spawning period for suckers from Upper 
Klamath Lake (Golden 1969, Andreasen 1975, Fortune 1979, Buettner and Scoppettone 
1990, unpublished data - Oregon State University). In a hatchery, LRS and SNS typically 
hatch in 4 to 9 days at 13.5°C to 17°C (unpublished data - The Klamath Tribes Braymill 
Hatchery); in situ incubation times for LRS and SNS are unknown. LRS spawning 56 
Table 4.6. Correlation coefficients of comparisons of abundance of young-of-the-year 
Lost River and shortnose suckers (represented by CPUE) and average daily growth rate 
with several environmental parameters. 
seasonal  air  min. lake dissolved  pH water temp.  precipt.  temp.  elevation oxygen 
CPUE  -0.83  0.40  -0.05  0.67  -0.90  0.79 
aver. daily  -0.70 0.20  -0.08  -0.17  -0.87  0.15 
growth 
Table 4.7. Monthly precipitation and total seasonal precipitation for Klamath Falls, 
Oregon for the period of January through June, 1991 through 1995. Data were not 
available for February 1992 from the Klamath Falls weather station and so data from the 
Keno weather station, the nearest weather station, were substituted for the missing 
Klamath Falls data. Data were collected by the Oregon climate Service and are reported 
in inches. 
year  Jan  Feb  Mar  Apr  May  Jun 
6 month 
total 
1991  1.20  0.71  2.17  0.86  1.71  0.28  6.93 
1992  0.65  [0.43]  0.41  0.96  0.13  1.06  3.64 
1993  2.98  1.71  2.22  1.73  2.13  1.41  12.18 
1994  0.56  0.63  0.26  0.42  2.37  0.49  4.73 
1995  3.73  0.31  3.05  2.62  0.78  1.86  12.35 
Table 4.8. Mean monthly air temperature and mean seasonal air temperature for Klamath 
Falls, Oregon for the period of January through June, 1991 through 1995. Data were 
collected by the Oregon Climate Service and are reported in degrees Fahrenheit. 
6 month 
Feb  Mar  Apr  May  Jun year  Jan  average 
1991  43.23  53.46  47.74  55.37  63.10  72.63  55.92 
1992  43.32  53.14  59.81  66.86  80.97  81.33  64.24 
1993  33.71  39.36  52.90  56.47  70.77  73.87  54.51 
71.39  79.67  60.81 1994  45.16  44.82  60.10  63.70 
74.57  58.57 1995  43.06  55.93  51.06  58.50  68.32 57 
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Figure 4.6. Critical pH values from Upper Klamath Lake, Oregon from the period of 
April through October, 1991 through 1995, plotted by month and year. 
activity generally occurs between the first week in April and second week in May, with 
peak activity in mid to late April (Golden 1969, Andreasen 1975, Buettner and 
Scoppettone 1990). Andreasen (1975) and Fortune (1979) report that spawning times for 
SNS are similar to, though slightly later than, the spawning times for LRS.  Recently, 
biologists from The Klamath Tribes and United States Bureau of Reclamation have 
observed suckers spawning in various springs in Upper Klamath Lake as early as 58 
February and as late as June (L. Dunsmoor, The Klamath Tribes, and M. Buettner, United 
States Bureau of Reclamation, personal communication).  Assuming that hatchery 
incubation times are relatively accurate, then the range of hatch dates reported herein in is 
consistent with reported spawning activity of LRS and SNS. 
Mean hatch date of October-caught fish exhibits interannual variation of 40 days 
in LRS and 27 days in SNS (Table 4.1). This variation is consistent with reported 
interannual variation in peak spawning activities of LRS and SNS (Golden 1969, 
Andreasen 1975). The cause of the interannual variation in run timing in LRS and SNS 
is unknown, though interannual variation in spawning times may be a response to 
variability in environmental factors (e.g., water temperature or lake elevation) 
experienced by adult fish in late winter or early spring. Additionally, the range of hatch 
dates was wide for both species in all years. The differences between minimum and 
maximum hatch dates were 64 to 68 days in LRS and 31 to 56 days in SNS (Table 4.1). 
Data for direct comparison of my hatch date distribution findings are not available, 
though Buettner and Scoppettone (1990) reported that periods of larval sucker 
immigration to Upper Klamath Lake from the Williamson River covered 45 or 46 days 
for LRS and 43 to 68 days for SNS. The Williamson River is the presumed source of 
most sucker larvae in Upper Klamath Lake and most Williamson River spawning sites 
are 11 to 20 kilometers from Upper Klamath Lake (Buettner and Scoppettone 1990). 
Assuming that the range of days of immigrating sucker larvae reported by Buettner and 
Scoppettone (1990) accurately represents the typical range of hatch dates, then the range 
of hatch dates reported herein are reasonable. An extended spawning season may allow a 59 
species to spread production over time and increase the chance of successful recruitment 
in a variable environment. 
Growth is rapid during the first six months in both species. Using mean size in 
October (Table 4.1) and typical adult size (700-800 mm standard length for LRS and 400­
500 mm standard length for SNS from Buettner and Scoppettone 1990), LRS reach 10 ­
13 percent and SNS reach about 15 percent of adult size within six months. Carlander 
(1969) lists mean lengths or ranges of lengths for several sucker species collected in 
October of their first year (Table 4.9).  The large size of LRS and SNS in the autumn of 
their first year appears to be consistent with other members of Catostomidae. 
Growth rates generated from regression analysis of length on age (cohort growth 
rate) are commonly used to estimate growth rates of groups of fish (e.g., cohorts, year 
classes, or species) and analysis of covariance is typically used to compare growth rates 
among groups (Leaman and Beamish 1984, Geffen 1986, Deegan and Thompson 1987, 
De Vries et al. 1990, Szedlmayer et al. 1990, Yoklavich and Bailey 1990, Woodbury and 
Ralston 1991, Booth et al. 1995). Interpretation of cohort growth rates must be done 
carefully. Interpretation of cohort growth rates are bound by the range of explanatory 
variable, represented by age. Extrapolation of growth estimates beyond the range of the 
explanatory variable may lead to erroneous estimates as the model may not accurately 
reflect the interactions of the variables outside the observed range (Ramsey and Shafer 
1996). Even when one considers estimates within the observed range, estimates may not 
be accurate. Consider LRS from 1994.  Information contained in Table 4.2 may lead 
someone to think that between ages 103 and 176 days (the range of the explanatory 
variable) LRS from 1994 grew at the rate of 0.25 mm per week - a rate much lower than 60 
Table 4.9. Names, location, and sizes of various species of suckers collected in October 
of their first year. Data from Lost River sucker and shortnose sucker are from this thesis 
and have been converted to total length, all other data are from Carlander (1969). All 
lengths have been rounded to the nearest millimeter. 
mean total  range of 
location  length (mm)  total length species 
(mm) 
105  82-147 Lost River sucker Deltistes luxatus  Upper Klamath Lake, OR
 
shortnose sucker Chasmistes brevirostris  Upper Klamath Lake, OR  91  79-124
 
56  46-69
 river carpsucker Carpiodes carpio	  Canton Lake, OK
 
Lake of the Ozarks, MO  109  69-140
 
longnose sucker Catostomus catostomus  Yellowstone Lake, WY  30  25-38
 
76-102
 white sucker Catostomus commersoni	  Oneida Lake, NY
 
"ponds", NY  66-142
 
"ponds", MI  86  53-163
 
Salt River, MO  104
 
northern hogsucker Hypentelium nigracans  Ohio  51-89
 
smallmouth buffalo Ictiobus bubalus  Tenkiller Lake, OK  130
 
bigmouth buffalo Ictiobus cyprinellus  Fairport Lake, IA  64-127
 
Coralville Lake, IA	  51-152 
"ponds", AL	  102-127 
estimated for other years. The low cohort growth rate of 1994 LRS (Table 4.2) is an 
artifact of the effect of hatch date on growth rate and does not represent an accurate 
estimate of growth rate. In October 1994, late-born LRS were the same size as early-born 
LRS and, by virtue of growth rates of nearly 70 percent greater than early-born fish 
(Figure 4.4), late-born fish essentially made up as much as 64 days of growth! Therefore, 
in years when hatch date has a strong influence of growth rate (e.g., 1994) cohort growth 
rate can be misleading. 61 
When cohort growth rates were compared for LRS, there were significant 
differences among years, suggesting that LRS had grown at differing rates in different 
years. Cohort growth rates did not differ interannually in SNS and this result may be 
explained by small sample sizes and high amounts of variation in the relationships (Table 
4.2). The large amount of intraannual variation in the cohort growth rates for both 
species, as represented by the r-squared values of Table 4.2, may be explained by 
extrinsic factors (e.g., spatially and temporally variable abiotic factors in Upper Klamath 
Lake, small sample sizes, small range of explanatory variables, or variability in otolith 
preparation) or intrinsic factors (e.g., genetic variability in response to environmental 
variation). 
Inter-specific differences in average daily growth rates were evident in each year 
with LRS exhibiting faster growth than SNS in all years (Table 4.3). Previous estimates 
of growth rates of young-of-the-year LRS and SNS are rare. Markle and Simon (1993, p. 
47) compared mean standard length over time of young-of-the-year suckers collected 
throughout the summer of 1991 in Upper Klamath Lake and estimated the somatic growth 
of LRS and SNS to be about 4.8 mm per week. My estimates of somatic growth for 
young-of-the-year suckers collected in 1991 are similar though slightly lower than those 
of Markle and Simon (1993). My estimates of weekly growth rates for young-of-the-year 
suckers in 1991, based on average daily growth rates, were 4.55 mm per week for LRS 
and 3.78 mm per week for SNS (average daily growth rate from Table 4.3 multiplied by 
7). Differences between growth estimates presented by Markle and Simon (1993) and 
those presented herein are most likely explained by differences between growth rate 
estimation methodologies. 62 
By October of each year, young-of-the-year LRS are bigger than young-of-the­
year SNS (Table 4.1). The larger size of LRS in October is explained by two factors: (1) 
LRS has a higher growth rate than SNS (Table 4.3), and (2) mean hatch date is generally 
earlier for LRS than for SNS (Table 4.1) giving LRS a longer growing period. 
Year class appears to be set in the first year of life for both species (Markle and 
Simon 1993, Simon et al. 1995, Simon et al. 1996). The only estimate of abundance 
available for both species for 1991 through 1995 is CPUE. The level of CPUE varies 
annually for both species, and the level of CPUE necessary to establish a year-class is 
unknown. In 1991 and 1993 CPUE was high for both LRS and SNS, low for both species 
in 1992 and 1994, and high for SNS while low for LRS in 1995 (Table 4.1). Young-of­
the-year suckers are collected from Klamath Project irrigation canal salvage activities at 
the end of each irrigation season. In 1991, 2091 young-of-the-year suckers were collected 
during canal salvage activities, 19 young-of-the-year suckers were collected in 1992, 788 
young-of-the-year suckers were collected in 1993, 85 young-of-the-year suckers were 
collected in 1994, and 609 young-of-the-year suckers were collected in 1995 (Mark 
Buettner, United States Bureau of Reclamation, personal communication). Relative 
results of the canal salvage activities are similar to estimates of CPUE reported herein, 
that is, young-of-the-year suckers were abundant in 1991, 1993, and 1995, and not 
abundant in 1992 and 1994. Additionally, in 1996, LRS and SNS born in 1991 began to 
recruit to the spawning population (Perkins et al.  1996a) and 1991 fish dominated the 
spawning populations of both species in 1997 (Perkins et al. 1997).  Generally, LRS and 
SNS mature at 6 to 9 years (Buettner and Scoppettone 1990); therefore it may be too soon 
to tell if fish from 1992 through 1995 will recruit to the spawning populations. If year 63 
class is set in the first year and CPUE is a reasonable reflection of abundance, then 1991 
and 1993 should be good year classes for both species, whereas 1992 and 1994 should be 
poor year classes for both species, and 1995 should be a good year class for SNS and poor 
for LRS. 
Interannual variation in growth performance has been implicated as a major factor 
affecting year-class strength (Houde 1987, Miller et al. 1988, Woodbury and Ralston 
1991), as even small changes in larval growth rates and stage duration may have a 
dramatic effect on recruitment (Houde 1987). Interannual variation in average daily 
growth rate is expressed in young-of-the-year LRS and SNS. In 1995 LRS had the 
earliest mean hatch date and yet had the second shortest mean standard length of any 
cohort of LRS (Table 4.1). In contrast, LRS from 1991 were, on average, 32 days 
younger than LRS from 1995, and yet were about 10 mm longer (Table 4.1). SNS from 
1993 and 1995 were, on average, the same size and yet mean hatch dates were separated 
by 27 days (Table 4.1). Even with this tremendous variation in growth rates, there is little 
evidence that daily growth rate is correlated with CPUE. When both species are 
combined, average daily growth rate appears to be weakly correlated to CPUE (Figure 
4.3). When the species are considered separately, average daily growth rate may be 
highly correlated to CPUE in SNS, but with only three data points from which to infer, it 
is difficult to make any firm conclusions. Average daily growth rate appears to be weakly 
correlated to CPUE in LRS. The largest LRS were collected in 1994, a year when LRS 
CPUE was the lowest (Table 4.1); these fish had the highest growth rate, suggesting, 
perhaps, a density dependent effect on growth. However, low CPUE was not always 
associated with large, fast growing LRS; in 1995, another year with very low production, 64 
LRS were short and had the lowest growth rate (Tables 4.1 and 4.3). The smallest LRS 
were collected in 1993, the year with the highest LRS CPUE; these fish had moderate 
growth rate (Tables 4.1 and 4.3). The largest and fastest growing SNS were collected in 
1991, the year with the highest CPUE for SNS (Tables 4.1 and 4.3), and the smallest and 
slowest growing SNS were collected in 1995, the year with the lowest CPUE for SNS. 
Interannual variation in hatch dates can also influence recruitment (reviewed in 
Sinclair 1988, Yoklavich and Bailey 1990, Woodbury and Ralston 1991).  In both LRS 
and SNS, in years with the highest CPUE (1991 and 1993), the mean hatch dates of 
surviving fish were later than in years with the lowest CPUE (Table 4.1). Data are not 
available to determine if there has been any selective mortality exerted on young-of-the­
year suckers or if the distribution of hatch dates in surviving fish are similar to the 
distribution of hatch dates at the time of hatch. Therefore, the variation in hatch dates 
between years may represent variation in spawning timing or it may be the result of 
selective mortality. Reported peak LRS spawning activity generally occurs in mid to late 
April (Golden 1969, Andreasen 1975, Buettner and Scoppettone 1990) for LRS and 
slightly later for SNS (Andreasen 1975, Fortune 1979, Buettner and Scoppettone 1990). 
In the years with the greatest CPUE (1991 and 1993) mean hatch dates were 31 May and 
8 June for LRS and 5 June and 6 June for SNS (Table 4.1). If the hatch dates reported 
herein for 1991 and 1993 suckers are accurate, then the dates of successful reproduction 
occurred later than the reported peak spawning times. However, earlier descriptions of 
LRS and SNS spawning activities have reported information from very few years; 
therefore, complete understanding of the timing of LRS and SNS spawning activities may 
be lacking. The ecological ramifications of changed spawning times is unknown, though 65 
changes in timing of spawning can influence year class success by influencing the spatial 
and temporal coincidence of larvae, prey availability, predator abundance, and favorable 
environmental conditions (reviewed in Sinclair 1988, Yoklavich and Bailey 1990, 
Woodbury and Ralston 1991). 
Differential responses to environmental variation have been associated with 
interannual differences in abundance of young-of-the-year in various fish species (West 
and Larkin 1987, Mosegaard et al. 1988, Szedlmayer et a/. 1992). Much interannual 
differences in abundance occur with young-of-the-year LRS and SNS (Table 4.1). 
Young-of-the-year LRS and SNS experienced wide environmental fluctuations in Upper 
Klamath Lake as seasonal limnological and climatic variation create a dynamic habitat for 
young suckers (Kann 1995). Both environmental variables and biological processes 
affect growth rate (Sissenwine 1984, Campana 1984a); therefore, the health of Upper 
Klamath Lake sucker populations may partly depend on environmental conditions during 
early larval and juvenile stages. Even though no critical values occurred with water 
temperature in this study (Table 4.3), water temperature was strongly correlated with 
CPUE (Table 4.6). Conversely, there were many critical pH values (Table 4.3) and yet 
mean seasonal pH in Upper Klamath Lake was weakly correlated with CPUE (Table 4.6). 
Few critical dissolved oxygen values were recorded (Table 4.3), and mean seasonal 
dissolved oxygen level was weakly correlated to CPUE. The synergistic effect of these, 
and other parameters, on the general health of the suckers is unknown. Also, the chronic 
effect of slightly elevated environmental parameters is unknown as well. 
The timing and magnitude of critical values appears to be more important than the 
number of critical values. In 1992 and 1994 there were many critical pH values in June 66 
(Figure 4.6), and in both years CPUE was low for both species (Table 4.1).  In 1995 there 
were many critical pH values in June (Figure 4.6), but the maximum pH value was 9.9, 
whereas in June 1992 and 1994 pH was as high as 10.3 (Figure 4.6). In 1995 CPUE was 
low for LRS and high for SNS. In 1995 mean hatch date for LRS was 11 days earlier 
than for SNS and perhaps this temporal separation allowed a refuge for young SNS  while 
the high pH values were detrimental for young LRS. In 1991, a year of high CPUE for 
both species (Table 4.1), there were no critical pH values until July (Figure 4.6), and in 
1993, another year of high CPUE for both species (Table 4.1), there were few critical pH 
values in June (Figure 4.6). 
The climate in the Klamath Basin was warmer and drier in 1992 and 1994 than 
other years (Tables 4.7 and 4.8); corresponding minimum lake elevations were lowest in 
the warmer and drier years of 1992 and 1994. In years with cool, wet springs and high 
lake elevation, young-of-the-year suckers were more abundant at the end of the summer 
(Table 4.6). Since precipitation, temperature, and lake elevation are interconnected, it is 
impossible to know which of these parameters most strongly influences abundance. 
Precipitation and temperature are factors not easily affected by managers, though lake 
elevation, by virtue of water withdrawal regulation, can be affected by management 
actions. Decreased lake elevations may lead to decreased access for suckers to in-lake 
spawning sites (springs), decreased escape cover for larval and juvenile suckers; 
increased suspended sediments and available nutrients; and oxygen stress by virtue of an 
increased substrate to lake area ratio and a resulting increase in biological oxygen 
demand. 67 
Even though many significant correlations have been described herein, care must 
be taken to not assume cause-and-effect relationships among the factors. The data 
reviewed in this chapter were observational and not from randomized experimentation. 
Confounding factors, whether identified or not, may be responsible for the patterns 
observed. When LRS and SNS were listed as endangered species, the United States Fish 
and Wildlife Service suggested that several factors may have been responsible, either 
singularly or in concert, for the decline of LRS and SNS including: damming of rivers, 
wetland reclamation, irrigation diversion, agricultural runoff, road building, urbanization, 
over harvest, and introduction of exotic fish species (United States Fish and Wildlife 
Service 1988). The significance of these or other perturbations to the decline in 
abundance of LRS and SNS is unknown. 68 
CHAPTER 5
 
A common summary 
Upper Klamath Lake in southern Oregon has two species of lacustrine suckers, 
Lost River sucker Deltistes luxatus (LRS) and shortnose sucker Chasmistes brevirostris 
(SNS) that were historically abundant (Cope 1879, Gilbert 1898). Results of surveys 
performed in the mid-1980's indicated that LRS and SNS populations were declining and 
ageing with apparent recruitment failure in most years since 1970 (Buettner and 
Scoppettone 1990). In 1988 both species were listed as endangered species by the United 
States Fish and Wildlife Service (1988). Year class strength may be determined within 
the first year of life in Lost River and shortnose suckers (Markle and Simon 1993, Simon 
et al. 1995, Simon et al. 1996), though early life history of both species is poorly 
understood; thus, high priority has been placed on investigating recruitment of Upper 
Klamath Lake suckers (United States Fish and Wildlife Service 1993). This thesis project 
evaluated lethal and nonlethal methods of ageing and gathered accurate age and growth 
information of young-of-the-year suckers. 
Lapilli are the preferred otolith for ageing suckers. Lapilli form predictably on the 
day of hatch, have the most conservative morphology of the three otoliths, deposit easily 
discernable increments that begin on the day of hatch and proceed daily, and growth in a 
predictable relationship with somatic growth. This information allows biologists and 
resource managers to accurately estimate ages and growth rates of wild young-of-the-year 
Lost River and shortnose suckers. 69 
Even though recent researchers have used scales to estimate accurate daily ages in 
weakfish Cynocion regalis (Szedlmayer et al. 1991) and New Zealand snapper Pagrus 
auratus (Kingsford and Atkinson 1994), my findings suggest that scale circuli count is an 
inefficient estimator of age in LRS and SNS. Daily age estimates for any given circuli 
count varied by approximately 51 days in LRS and 30 days in SNS. Additionally, my 
results do not accurately predict the size or age at which scales are formed, thereby 
invalidating assumptions of age and growth models. Consequently, scale circuli analysis 
cannot be used to produce accurate estimates of age or growth rates for young-of-the-year 
LRS and SNS. 
Ages estimated by otolith analysis and resulting hatch dates of young-of-the-year 
LRS and SNS were consistent annually. Otolith increment counts produced back-
calculated hatch dates of late March to early July which is consistent with reported 
spawning period for suckers from Upper Klamath Lake (Golden 1969, Andreasen 1975, 
Buettner and Scoppettone 1990, unpublished data - Oregon State University). 
LRS and SNS achieve a relatively large size by the autumn of their first year, 
consistent with other members of Catostomidae. Inter-specific variation in growth rates 
was evident in each year with LRS exhibiting faster growth than SNS in all years. 
Interannual variation in growth performance has been implicated as a major factor 
affecting year-class strength (Houde 1987, Miller et al. 1988, Woodbury and Ralston 
1991). Even with tremendous variation in growth rates in LRS and SNS, there is little 
evidence that daily growth rate is correlated with CPUE. When both species are 
combined, average daily growth rate appears to be weakly correlated to CPUE.  When the 
species are considered separately, average daily growth rate may be highly correlated to 70 
CPUE in SNS, but with only three data points from which to infer, it is difficult to make 
any firm conclusions. Average daily growth rate appears to be weakly correlated to 
CPUE in LRS. 
Interannual variation in hatch dates can also influence recruitment (reviewed in 
Sinclair 1988, Yoklavich and Bailey 1990, Woodbury and Ralston 1991).  In both LRS 
and SNS, in years with the highest CPUE (1991 and 1993), the mean hatch dates of 
surviving fish were later than in years with the lowest CPUE. Data are not available to 
determine if there has been any selective mortality exerted on young-of-the-year suckers 
or if the distribution of hatch dates in surviving fish are similar to the distribution of hatch 
dates at the time of hatch. Additionally, dates of successful reproduction occurred later 
than the reported peak spawning times for LRS and SNS. The ecological ramifications of 
changed spawning times is unknown, though changes in timing of spawning can 
influence year class success by influencing the spatial and temporal coincidence of larvae, 
prey availability, predator abundance, and favorable environmental conditions (reviewed 
in Sinclair 1988, Yoklavich and Bailey 1990, Woodbury and Ralston 1991). 
The interannual differences in abundance of young-of-the-year expressed by LRS 
and SNS could be explained by differential responses to environmental variation (West 
and Larkin 1987, Mosegaard et al. 1988, Szedlmayer et al. 1992). Young-of-the-year 
LRS and SNS experienced wide environmental fluctuations in Upper Klamath Lake as 
seasonal limnological and climatic variation create a dynamic habitat for young suckers 
(Kann 1995). Both environmental variables and biological processes affect growth rate 
(Sissenwine 1984, Campana 1984a); therefore, the health of Upper Klamath Lake sucker 
populations may partly depend on environmental conditions during early larval and 71 
juvenile stages. Water temperature was strongly correlated with CPUE. Additionally, 
there were many pH values in Upper Klamath Lake in excess of the critical maxima of 
9.55. The timing and magnitude of critical values appears to be more important than the 
number of critical values. When pH greater than 10.0 occurred in June, CPUE was very 
low. The climate in the Klamath Basin was warmer and drier in 1992 and 1994 than 
other years; corresponding minimum lake elevations were lowest in the warmer and drier 
years of 1992 and 1994. Seasonal precipitation and lake elevation are strongly, positively 
correlated with CPUE, whereas mean seasonal air temperature is strongly, negatively 
correlated with CPUE. In other words, young-of-the-year suckers appear to be more 
abundant in October in years with cooler, wetter winters and springs.  Since precipitation, 
temperature, and lake elevation are interconnected, it is impossible to know which of 
these parameters most strongly influences abundance. 
Even though many significant correlations with abundance ofyoung-of-the-year 
suckers have been described herein, cause-and-effect relationships among the factors can 
not be determined, because the data were observational and not from randomized 
experimentation. Confounding factors, whether identified or not, may be responsible for 
the patterns observed. When LRS and SNS were listed as endangered species, the United 
States Fish and Wildlife Service suggested that several factors may have been 
responsible, either singularly or in concert, for the decline of LRS and SNS including: 
damming of rivers, wetland reclamation, irrigation diversion, agricultural runoff, road 
building, urbanization, over harvest, and introduction of exotic fish species (United States 
Fish and Wildlife Service 1988). The significance of these or other perturbations to the 
decline in abundance of LRS and SNS is unknown. 72 
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